The objective of the current study was to quantify the behavioral intentions of young adult male sexual minorities (MSM) to initiate human papillomavirus (HPV) vaccination and test an integrative model of HPV vaccine decision making. Participants were 575 MSM who were residing in the United States and were between ages 18 and 26 years. Standard direct and indirect measures of attitudes, perceived norms, and perceived behavioral control were employed to explain variation in behavioral intention. Additional background factors-such as concealment of one's sexual identity, suspicion of health care provider competence in LGBT health issues, perceived threat, and information orientation-were also included in the model. The final model fit the data well and identified a set of salient attitudinal and control beliefs as the strongest determinants of intention (R 2 = .38). Perceived threat and information orientation were positively correlated with HPV-related beliefs. Perceived threat was higher among men infected with HIV and lower among men in monogamous relationships. Self-efficacy, as an indirect measure of perceived behavioral control, was inversely related to the general tendency to conceal aspects of one's sexual orientation and a suspicion of health care providers. Bisexual identified men were more likely to conceal their sexual orientation and be more suspicious of health care providers. In this study, a number of modifiable determinants of HPV vaccine intentionsboth psychosocial and environmental-were identified and have implications for targeted and tailored behavioral interventions to promote HPV vaccination among MSM.
Introduction
Targeted behavioral interventions are needed to increase uptake of human papillomavirus (HPV) vaccine among male sexual minorities (MSM) in the United States. This is a risk-based primary prevention strategy recommended by the Advisory Committee on Immunization Practices that prioritized routine vaccination of MSM up to age 26 with the quadrivalent or nonavalent HPV vaccine (Petrosky et al., 2015) . The rationale for this recommendation is based on low vaccine coverage (22% in 2014) of adolescent males in the general population (ReaganSteiner et al., 2015) , evidence of considerably higher rates of anal cancer in MSM (Joseph et al., 2008; Machalek et al., 2012) , as well as the cost-effectiveness of targeted vaccination (Kim, 2010) . Despite this strong recommendation, uptake of this vaccine remains low. Estimates of MSM receiving at least one dose of the three-dose series were just 5% and 13% in 2011 and 2013, respectively (Meites, Markowitz, Paz-Bailey, & Oster, 2014; Reiter, McRee, Katz, & Paskett, 2015) .
Lack of awareness about the availability and direct health benefits of HPV vaccination are likely reasons for low uptake among MSM (Nadarzynski, Smith, Richardson, Jones, & Llewellyn, 2014; Newman, Logie, Doukas, & Asakura, 2013) . And while this population is believed to regularly utilize health care services at higher rates than other males (Meites, Krishna, Markowitz, & Oster, 2013) , health care providers are not routinely recommending HPV vaccination during these visits (Reiter et al., 2015) . With routine recommendations, existing behavioral research suggests that uptake among MSM would increase given their overall high acceptability of HPV vaccination (Nadarzynski et al., 2014) ; however, in concert with needed efforts to change health care provider behaviors regarding the recommendation of HPV vaccination, tailored community-based interventions for MSM are needed to increase awareness, foster positive attitudes and beliefs regarding HPV vaccination, and heighten individual intention to get vaccinated within a given time frame.
The current behavioral research in this area is of limited utility for program planning. No studies in the most recent systematic review of this literature developed or tested a theoretical model of HPV vaccine decision making specific to MSM (Nadarzynski et al., 2014) . In fact, only 5 out of the 16 studies overtly applied behavioral theories. The resulting analyses ignored presumed causal priority among variables by simultaneously modeling all predictors with single multivariable models. In addition, measures were constructed without regard for combinatorial rules explicit in health behavior theories (Fishbein & Ajzen, 2010; Hochbaum, 1958) . Without strong theoretically based research, the resulting body of evidence provides little information in how vaccine promotion programs targeting MSM would substantively differ from similar programs targeting other populations.
In order to develop a decision-making model focused on HPV vaccination of adult MSM, the integrative model of behavioral prediction (IM) was used to inform this study. This theoretical approach postulates that a set of population-specific salient beliefs underlies the formation of attitudes toward HPV vaccination, perceived norms in favor or against vaccination, and perceived control over one's ability to get vaccinated if so desired. The effects of attitudes, norms, and perceived control on HPV vaccination are, in turn, mediated by an individual's behavioral intention (Ajzen, 1991) . The model also specifies that beliefs related to HPV vaccination are influenced by a variety of background factors inclusive of personal characteristics and experiences, sociocultural factors, and exposure to information (Fishbein, 2009) . The structural relationships among these constructs provide valuable information regarding the decision-making process and were explored in this investigation.
The primary aim of this study was to test and refine the theoretical model depicted in Figure 1 using structural equation modeling (SEM). This model was based on IM constructs and expanded through in-depth formative research with MSM between the ages of 18 and 26 years (Wheldon et al., 2016) .
Method
This was a cross-sectional Internet-based study. Formative qualitative research with members of the priority population helped explicate antecedent beliefs and subpopulations important when considering HPV vaccination among MSM (Wheldon et al., 2016) .
Participants and Procedures
To be included in this study participants needed to be English-speaking men 18 to 26 years of age, residing in the United States, identified as gay, bisexual, and/or have ever had sexual contact with another male, and who have not initiated the HPV vaccine series. Participants were recruited using snowball sampling and paid advertisements through social media and a sexual networking mobile application. All participants were referred to the study website where they provided informed consent and completed the web-based survey. A lottery incentive was offered for 1 of 10 $25 gift cards. The protocol for this research was reviewed and approved by the corresponding authors' institutional review board.
Measures
Intentions. Three items measured vaccine intentions (α = .90). These items assess intention to "find out more information about HPV," "make an appointment to talk to a doctor or health care provider about the HPV vaccine," and to "get your first HPV shot." Each item specified a time frame "within the next 12 months." Responses were recorded on a 5-point bipolar scale (unlikely-likely).
Attitudes, Perceived Norms, and Perceived Behavioral
Control. Direct measures of attitude, perceived norms, and perceived behavioral control were used according to standard measurement procedures (Fishbein & Ajzen, 2010) . Attitudes toward HPV vaccination were measured using a 5-point semantic differential scale (α = .86) including the following adjectives: not worth it/worthwhile, harmful/beneficial, a bad thing for me/a good thing for me, unimportant/important, ineffective/effective. Three items were used to measure perceived norm (α = .70) on a 5-point bipolar scale (disagree-agree). Two items assessed subjective norms (e.g., "In general, people who are important to me would encourage me to receive the HPV vaccine") and one item assessed descriptive norms (e.g., "Most of my gay/bisexual male friends would get the HPV vaccine if it were offered to them free of charge"). Three items were used to measure perceived behavioral control (α = .70) on a 5-point bipolar scale (disagree-agree). One item measured self-efficacy ("I am confident that I can get the HPV vaccine in the next 12 months") and two items measured controllability (e.g., "There are factors beyond my control that would prevent me from getting the HPV vaccine in the next 12 months") and were reverse coded; thus, higher values represent more positive attitudes, supportive norms, and perceived control.
Indirect Measures. The expectancy-value framework was employed to measure indirect attitudes, norms, and control by creating an index of beliefs weighted by their evaluation (Fishbein & Ajzen, 2010) . Behavioral Beliefs. Ten behavioral beliefs (see Table 1 ) were measured representing physical advantages (3 items), psychological advantages (3 items), and disadvantages/concerns associated with HPV vaccination (4 items). Low Efficacy of the vaccine was measured by two items (e.g., "not being completely protected") that were averaged (α = .71). A single item was used to measure the belief that "I will contract HPV from the vaccine itself." Perceived advantages were combined (α = .90) for SEM because of high interitem correlation. Outcome evaluations (e Normative Beliefs. Four referents (mother, father, gay male friends, and straight friends) were used to assess normative beliefs. Participants reported on the degree to which each referent would be disapproving-approving of him getting the HPV vaccine (n i ). Participants could choose "not applicable" in cases where this person/group was not present. "Not applicable" was recoded to represent the neutral midpoint of the scale so that a scale index could be calculated for each participant. Motivation to comply was measured with this question: "When deciding whether or not to get the HPV vaccine, would you seriously consider the advice/opinion of . . . " Responses were recorded on a 5-point bipolar scale (unlikely-likely).
Control Beliefs. Four control beliefs (c i ) were used to assess the degree to which external factors would make it "more difficult" or "much easier" for respondents to "get the HPV vaccine in the next 12 months" by weighting c i measured on a 5-point bipolar scale (disagree-agree) with a 5-point bipolar perceived power scale (p i ; more difficult-much easier).
Self-Efficacy. Two items were used to assess the degree of confidence in getting the HPV vaccine in the event that "you had to talk to your doctor or health care provider about your sexual orientation (e.g., that you are gay or bisexual)" and "your sexual behaviors (e.g., your sexual history)." Responses were recorded on a 5-point unipolar scale (not at all confident-extremely confident). Reponses were averaged to form a self-efficacy score (α = .90).
Perceived Threat. Four indicators of perceived threat were measured (threat of warts on the penis or scrotum, anal warts, anal cancer, and HPV infection). The indictor variables were created from the product of perceived susceptibility (e.g., "Without the HPV vaccine, what do you think the likelihood is that you be infected with HPV?") with a corresponding measure of severity (e.g., "How serious would it be for you if you became infected with HPV?"). Responses were recorded on 5-point bipolar scales (unlikely-likely and not at all serious-extremely serious). Each composite indicator had a theoretical range from 1 to 25 with higher values indicating greater perceptions of a likely and serious threat. A threat index was created to use in bivariate analyses by averaging all four composite scores (α = .96).
Health Information Orientation. Three items were used to assess health information orientation, which was defined as intrinsic motivation to seek out relevant health information and to process that information (Dutta-Bergman, 2009 ). These items were adapted from a validated health information orientation scale representing a single latent factor (Dutta-Bergman, 2009 ). The items used in the current study were (a) "When I take medicine, I try to get as much information as possible about its benefits and side effects"; (b) "Before making a decision about my health, I find out everything I can about the issue"; and (c) "It's important to be informed about health issues affecting gay and bisexual men." Responses were recorded on a 5-point bipolar scale. A scale score was calculated by taking the average of the three items (α = .80). Higher values indicate a greater degree of orientation toward relevant health information.
Suspicion of
LGBT Cultural Competence. Four items (α = .71) were used to assess suspicion of lesbian, gay, bisexual, transgender (LGBT) cultural competence, which was defined as having previously received lower quality health care as a result of sexual orientation, expressing discomfort talking to a doctor about sexual orientation or sexual behaviors, expressing a preference that a doctor or health care provider not know one's sexual orientation, and expressing a belief that sexual orientation is not relevant to medical care. Responses were recorded on a 5-point bipolar scale (disagree-agree).
Nebraska Outness Scale-Concealment (NOS-C).
The concealment subscale of the NOS was used to measure the frequency at which an individual conceals his sexual orientation across multiple domains (Meidlinger & Hope, 2014) . Responses were recorded on a ratio scale ranging from never (0%) to always (100%). In previous research, the NOS-C demonstrated good internal reliability, as well as discriminant, convergent, and predictive validity (Meidlinger & Hope, 2014) . Reliability was acceptable in the current study (α = .71). No existing research has investigated the factor structure of the NOS, so it was included as a measured variable in the structural equation models.
Analysis
A total of 806 respondents met inclusion criteria. Of those, 225 (28%) participants exited the survey before completion. The majority of noncompleters withdrew from participation prior to the midpoint of the survey and were excluded from analyses. An additional six cases were removed because they had more than 20% of missing data. The final analytic sample consisted of 575 respondents.
The SAS statistical software version 9.1 (SAS Institute, Cary, NC) was used to conduct univariate and bivariate analysis. All of the variables violated assumptions of univariate normality; however, the magnitudes of the sample skewness and kurtosis were small, and none surpassed an absolute value of 2 (Tabachnick & Fidell, 2007) . The sample size is large enough to assume that the distributional assumptions were met for parametric tests. Nonparametric tests were also conducted for each analysis to check for concordance of results.
Mplus version 7 (Muthén & Muthén, 2007) was used to conduct SEM. SEM is useful in testing theoretical models as it allows for the estimation of the associations among latent and measured variables and attempts to remove measurement error from these estimates. This allows the complete propositional structure of a theory to be tested, including direct and indirect effects. The maximum likelihood estimator with robust standard errors was used to estimate parameters that are robust to nonnormality (Buhi, Goodson, & Neilands, 2007 . A two-step approach (Anderson & Gerbing, 1988) was used to build the models starting with estimating the measurement model and then the structural paths. Although there is no universal agreement regarding fit indices or acceptable model fit (Marsh, Hau, & Wen, 2004) , the authors followed the recommendations of Hu and Bentler (1999) . Model fit was evaluated using the following indices: the chi-square test of goodness-of-fit index, the comparative fit index (CFI values greater than .95 indicate good fit), the standardized root mean square residual (SRMR values less than .10 are considered favorable), and the root mean square error of approximation (RMSEA values less than .06 indicate good fit; Hu & Bentler, 1999) .
Results
Participants were on average 22 years old (SD = 2.43). They were primarily White (n = 363, 63%), college students (n = 329, 58%), with health insurance (n = 476, 83%), and had a place they usually go to for "routine medical care" (n = 426, 74%). The majority identified as gay (n = 431, 75%), but a significant proportion identified as bisexual (n = 127, 22%). Fifty-three (9%) respondents reported no previous male partners, but identified as gay or bisexual. Most were HIV-negative (n = 383, 67%); however, over a quarter reported never being tested (n = 156, 27%). Among those who received an HIV test, 132 (32%) were not tested within the previous year. Twenty-three (4%) reported a previous diagnosis of genital or anal warts.
Salient HPV-Related Beliefs
Behavioral Beliefs. Behavioral beliefs are presented in Table 1 . Protecting sex partners from HPV was the belief with the highest expectancy value (b i e i ). The disadvantages of vaccination were generally rated as unlikely to occur and had lower correlations with attitudes (see Table 1 ; correlations b i e i with attitude). On average, participants indicated little concern regarding vaccinerelated side effects (i.e., belief means in "unlikely" range). As expected, perceived advantages positively correlated and perceived disadvantages negatively correlated with a favorable attitude toward vaccination.
Normative Beliefs. The normative referents regarding HPV vaccination are reported in ). Values greater than 9 (the midpoint) indicated influence supportive of vaccination. The modal referent group was gay male friends, who appear to have some influence over HPV vaccine perceptions. The least influential referents were fathers; however, all normative referents contributed positively toward perceived norms.
Control Beliefs. Salient control beliefs are reported in Table 3 . These beliefs represent a set of perceived facilitators of HPV vaccination. An examination of the expectancy-value indicators (c i p i ) identifies that health insurance is the strongest perceived facilitator of vaccination followed by the ability to get vaccinated at locations that offer HIV testing. All of the control beliefs exhibited small to moderate correlations with perceived behavioral control (Table 3; . Participants expressed a moderate degree of self-efficacy in getting vaccinated if they had to discuss their sexual orientation with a health care provider. Self-efficacy was also positively associated with perceived behavioral control.
Descriptive and Bivariate Statistics
Means, standard deviations, and zero-order correlations for all variables are presented in Table 4 . Overall, participants expressed positive attitudes toward vaccination (M = 4.23, SD = 0.80; range = 1-5), supportive norms (M = 3.75, SD = 0.79; range = 1-5), and perceived control over their decision to get vaccinated (M = 3.76, SD = 0.85; range = 1-5). More than half (57%) of participants indicated they were "likely/very likely" to initiate HPV vaccination as indicated by the vaccine intention scale (M = 3.26, SD = 1.08; range = 1-5). Zero-order correlations (Table 4) provided initial support for the proposed relationships presented in Figure 1 .
Test of an Integrative Model of HPV Vaccine Decision Making
Measurement Model. Confirmatory factor analysis of the measurement model reported poor absolute fit of the data to the latent factors, χ 2 (df) = 428.76 (254), p < .001; however, the chi-square test is highly sensitive to sample size 
Antecedents of beliefs.
The strongest antecedents of HPV-related beliefs were perceived threat, suspicions of LGBT cultural competence, and information orientation. The higher perceptions of threat correlated with higher perceived benefits from vaccination (β = 0.34, Β = 2.27; 95% CI [1.82, 2.75]). In addition, the perceived benefits of vaccination were higher among those with higher levels of health information orientation (β = 0.31, Β = 12.79; Note. N = 575. PHY = physical; PSY = psychological; low efficacy = concerns about the efficacy of HPV vaccination; contract HPV = concern that one can contract human papillomavirus from the vaccine; PBC = perceived behavioral control; information-O = information orientation;
LGBT-SUS = Suspicion of LGBT Cultural Competence Scale; Concealment = Nebraska Outness Scale-Concealment subscale. *p < .05. Indirect effects. The indirect effects were relatively small (results not reported). The most theoretically meaningful indirect effects were from the salient belief measures to intentions, mediated by the main determinants of behavior (i.e., attitudes, norms, perceived control/efficacy). All of these indirect paths were statistically significant and among the largest indirect paths identified in the model.
Discussion
Existing research on the psychology of HPV vaccine decision making among MSM relies primarily on standard theoretical constructs to explain readiness or motivation to initiate vaccination (Nadarzynski et al., 2014; Newman et al., 2013) . These models are therefore limited to the most proximate determinants of intention, acceptability, or willingness. Tailoring health education interventions for this population requires the identification of modifiable beliefs salient to MSM when making decisions about HPV vaccination. Insights into how to change HPV-related beliefs come from the identification of their antecedents. The model identified in this study provides a rich source of information for targeting and tailoring vaccine promotion programs for young MSM by explicating these beliefs and antecedents.
The strongest determinant of behavioral intention was attitude. According to this model, HPV-related attitudes can be changed by increasing beliefs in physical and psychological benefits of vaccination and decreasing concerns about side effects. Some of the beliefs most strongly associated with attitude toward HPV vaccination were experiential (e.g., feeling protected from HPV and allaying the worry associated with sexual activity). These findings are consistent with in-depth qualitative research with MSM that reported infection with HPV-even in the absence of diseases such as anogenital warts or cancercan be anxiety provoking (Wheldon et al., 2016) . The vaccine therefore becomes a method of reducing anxiety by increasing a sense of protection.
Perceived threat and information orientation serve as the key motivational factors related to perceived advantages of vaccination. The antecedent role of perceived threat in HPV vaccine decision making was identified in a previous study of young MSM (Wheldon, Buhi, & Daley, 2013) . This relationship implies that the motivation to process health information (e.g., information about the advantages of vaccination) varies as a function of perceived threat (Chen & Chaiken, 1999; Wheldon et al., 2013) . As such, this theoretical model predicts that messages regarding the advantages of HPV vaccination are more likely to be systematically processed if a threat stimulus is present (Das, de Wit, & Stroebe, 2003) . Threat messages should focus on the social, emotional, and physical consequences of HPV infection and utilize a combination of communication channels in to reach individuals with varying health information orientations (Dutta-Bergman, 2009 ).
Perceived behavioral control was a moderate predictor of vaccine intentions and was a function of external control beliefs, as well as perceived self-efficacy to disclose one's sexual orientation. Men who believed that their health insurance covered the vaccine had higher perceived control and higher intentions to get vaccinated. The Affordable Care Act mandates that health plans must provide coverage for HPV vaccinations that are determined by Advisory Committee on Immunization Practices to be for routine use (Kaiser Family Foundation, 2015) . Therefore, health plans should cover HPV vaccination for MSM up to age 26 without cost-sharing. This information should be included in promotion messages to minimize concerns over cost among men with health insurance. For uninsured men, programs created to control hepatitis in MSM through education and vaccination can serve as models for targeted HPV vaccine promotion (Mast et al., 2006) . This approach is especially suited to this population given the finding that they would be more likely to get vaccinated if they could do so during their regular HIV testing visits. In addition, bundling services like HPV vaccination with other recommended vaccinations, STI screening, and HIV prevention (e.g., preexposure prophylaxis) for MSM may increase the uptake of these services (van den Berg, Larson, Zimet, & Lally, 2014) . Research is needed to determine what services should be bundled and what training is required for providers to ensure comprehensive care to MSM.
Self-efficacy was inversely related to a general tendency to conceal aspects of one's sexual orientation and a suspicion of health care providers. Both of these relationships have important implications for patient-provider interactions. The likelihood of sexual orientation disclosure will increase if providers can demonstrate that they care about and are knowledgeable about the unique health issues and concerns of LGBT populations. This would improve patient-provider interactions and allow for more opportunities to recommend preventive services like HPV vaccination.
Normative influence was less important to HPV vaccine intentions relative to attitudes and perceived behavioral control. This construct has not be modeled in most studies of vaccine decision making in MSM; however, in two previous studies, neither injunctive nor descriptive norms were correlated with intentions (Reiter, Brewer, McRee, Gilbert, & Smith, 2010; Wheldon, Daley, Buhi, Nyitray, & Giuliano, 2011) . The current findings are in contrast to previous research that demonstrated the strong influence of perceived norms on HPV vaccine acceptability among adult heterosexual males (Gerend & Barley, 2009 ) and females (Kahn, Rosenthal, Hamann, & Bernstein, 2003) . Lower normative influence among MSM may result from a desire to keep issues related to their sexuality private, which has been described in the qualitative literature (Gutierrez et al., 2013; Wheldon et al., 2016) . This was also reflected by normative beliefs that valued gay male peers as more influential in HPV vaccine decisions than heterosexual friends or parents.
The exogenous variables in the model identified three subpopulations of MSM who may benefit from targeted health education interventions. HIV-infected individuals exhibited higher perceived threat of HPV. It may be that MSM infected with HIV have different experiences with the health care system (Meites et al., 2013) and are motivated to process information about HPV in significantly different ways given their increased risk of cancer (Burkhalter et al., 2011) . Messages focusing on anal cancer prevention may be particularly effective for HIVinfected MSM.
In previous research, bisexual identity has been unrelated to HPV vaccine intentions (Wheldon et al., 2011) or initiation (Reiter et al., 2015) ; however, in the current study, bisexual identity was indirectly associated with intentions through lower self-efficacy resulting from higher concealment of sexual orientation and suspicion of health care providers. This model suggests that-and is supported by previous research (Durso & Meyer, 2013 )-bisexual identified men may be less likely to ask about HPV vaccination if they have to discuss their sexual behaviors. Lack of trust in patient-provider interactions among bisexual men may in turn result in fewer opportunities for vaccination. Additional research is needed to identify ways to increase patient-provider communication among this subpopulation of MSM.
Men in monogamous relationships exhibited lower levels of perceived threat. This relationship supports finding in previous qualitative research where MSM described low levels of perceived HPV threat as a result of being in a monogamous, or semimonogamous, relationships (Wheldon et al., 2016) . Further research is needed to identify the specific targets of behavioral interventions for this unique subpopulation.
The final model reported here represents the set of beliefs, experiences, and expectations associated with HPV vaccination that were described by MSM through in-depth qualitative interviews (Wheldon et al., 2016) and quantitatively tested in the current investigation. This model was simplified by removing weak associations unlikely to represent causal relationships, while maintaining the complexity that represents the decisionmaking process unique to this population. Three additional propositions were added to the model that were empirically based but raise important theoretical implications for further research. Specially, the authors identified that attitudes did not fully account for the association between perceived benefits and intention, and that there are normative processes involved in the formation of personalized risk and health information seeking.
Study Limitations
The conceptual population for this study is based on stigmatized sexual identities and behaviors that are often concealed or "hidden." Therefore, constructing sampling frames that closely approximate these types of conceptual populations is inherently flawed, which results in biased samples. In addition to the use of nonprobability sampling techniques, cross-sectional data and proxy measures for vaccine initiation (e.g., intention to vaccinate) limits the degree to which the IM could be fully tested. Longitudinal research is needed to model vaccine uptake directly. Also, the current study comprised adult MSM (i.e., 18-26 years old). Future research would benefit by sampling younger MSM who likely have unique barriers to HPV vaccination.
Conclusion
Despite these methodological limitations, this study makes a unique contribution to the behavioral HPV vaccination literature by explicating a theoretical model of vaccine decision making specific to vaccine-eligible adult MSM. In this model, a number of modifiable determinants of HPV vaccine intentions-both psychosocial and environmental-were identified. These determinants can be used to target and tailor behavioral interventions for this priority population and inform the content of patient-provider conversations about this vaccine. Such interventions are critically needed in the prevention of anal and other HPV-related cancers, as well as to mitigate HPV-related disparities among MSM in the United States.
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